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摘要
I
摘要
荧光分子探针即是可以将物质的化学信息转换为可测量的荧光信号的一种
光学传感器，它具有选择性好、灵敏度高、操作简便、实时快速检测等优点。随
着相关技术的成熟，将荧光分子探针与细胞显微成像结合的技术已经成为了人类
探测微观生命系统的一种重要手段。本文在前人研究的基础上，成功设计合成了
三种荧光分子探针，体现了不同的检测性能。本论文共分四章，分别包括以下内
容：
第一章，绪论。首先介绍了光学分子传感器的基本概念、研究现状和发展趋
势，着重介绍了荧光分子探针的设计机理；其次重点介绍了神经毒剂类似物二乙
基磷酰氯、亚铜离子和次氯酸荧光分子探针的研究现状和发展趋势；最后，通过
结合相关文献的研究内容及本课题组工作成果，提出了本论文的研究设想。
第二章，成功设计合成以氨基花菁为母体，羧基为识别位点的二乙基磷酰氯
荧光分子探针。氨基花菁本身有较大斯托克位移，我们通过二乙基磷酰氯与识别
位点的反应促进分子内酰胺化反应而改变氮原子的电子云密度，进而改变该分子
探针的光学性质。该探针的大斯托克位移有效避免了花菁染料的自吸收现象。该
探针还有以下特点：反应速度快，检测灵敏度高，且可用于裸眼检测。
第三章，设计合成一种香豆素衍生物作为检测亚铜离子的荧光探针。亚铜离
子的存在可催化探针的叠氮基和端炔基发生分子内 Click 反应，使荧光显著增
强，以实现对亚铜离子的荧光传感。该探针分子为设计相关亚铜离子荧光探针开
辟了一条新的思路。
第四章，基于次氯酸氧化脱肼机制设计合成一种罗丹明 B 内酰肼-丹磺酰肼
衍生物作为检测次氯酸的荧光探针。当有次氯酸存在时，酰肼断裂，生成罗丹明
B，同时释放出丹磺酸荧光团，不仅实现了比色传感，也实现了双波长荧光发射。
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Abstract
Fluorescence molecular probe is a kind of optical sensor which can transform the
chemical information of substance into measurable fluorescent signal. It has the
advantages of good selectivity, high sensitivity, simple operation and rapid detection
in real time. And the technology of combining fluorescence molecular probe with the
cell microscopic imaging has become an important means of studying the microscopic
system of life. In this paper, three kinds of fluorescent molecular probes were
successfully designed and synthesized on the basis of predecessors' research, which
exhibited different detection properties. And this paper consists of four chapters
summarized as follows:
In chapter 1 first, there is an introduction to the basic concept, current research
and development trend of optical molecular sensors. Emphasis was focused on the
developments of fluorescent molecular probes for diethyl phosphoryl chloride,
cuprous ion and hypochlorous acid. Finally, the objective of this dissertation was
proposed by combining relevant research and the work of our group.
In chapter 2, a novel fluorimetic and visual probe based on aminocyanine
derivatives for highly selective detection of nerve agent simulant DCP was reported.
The detection method was developed based on the intramolecular N-alkylation
reaction which ccould reduce the electron density of nitrogen atom. The decrease of
electron density would lead to a red-shift of absorption spectrum, and the increase of
absorbance, as well as the fluorescence intensity. The probe had the following features:
fast response, high detection sensitivity. What is more important, it also could select
DCP by naked eyes.
In chapter 3, based on the Click chemistry of azide-alkyne cycloaddition, a novel
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probe for detecting cuprous ion derivatives was designed and synthesised successfully.
The probe achieved an “ on-off ” fluorescence response to cuprous ion in water which
also opened up a new train of thought for the related design of detecting cuprous ion
with fluorescent probes.
In chapter 4, a rhodamine B- dansyl derivative was designed as a fluorescent
probe to detect hypochlorous acid which based on the hypochlorite oxidation
mechanism. In the presence of hypochlorous acid, the hydrazide sturcure fractured
and leaded to the release of fluorophore rhodamine B and dansyl derivative. The
probe not only achieved the change of color from colorless to pink, but also had
realized the double emission wavelength of fluorescence.
Keywords: Molecular Probes; Diethyl Phosphoryl Chloride; Cuprous Ion;
Hypochlorous Acid.
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